Objective-To compare cycle outcomes among normal responding patients ≤30 years receiving microdose follicular flare (MDF) and long-luteal agonist (LL).
Introduction
Gonadotropin releasing hormone agonists (GnRH-a) produce an initial hypersecretion of pituitary derived gonadotropins followed by sustained pituitary desensitization and cessation of gonadotroph function by yet incompletely understood mechanisms. These properties have been exploited by altering the dosage and the timing of administration during stimulation to produce differing results among various target populations. The utility of GnRH-a in assisted reproductive technologies (ART) has been to prevent premature luteinization, to reduce cycle cancellation, and to improve oocyte recovery rates (1) (2) (3) (4) . Numerous GnRH-a pituitary desensitization regimens have been developed including long luteal (LL), ultra short, short/ flare-up and microdose flare (MDF) protocols (5) . Oral contraceptive pills (OCPs) have been incorporated into stimulation protocols to provide for ease of cycle scheduling (6) . The use of combined OCPs and GnRH-a yielded improved pregnancy outcomes when compared to GnRH-a use alone and there was no evidence of premature luteinization (7) .
MDF stimulation protocols have traditionally been employed in an attempt to increase ovarian response during ART by taking advantage of the initial surge in gonadotropin secretion to increase peak estradiol (E 2 ), to reduce gonadotropin requirement, to initiate multi-follicular development, and to produce more mature ovarian follicles when compared to LL among patients with a prior poor ovarian response (8) . Despite using approximately one fiftieth of the typical leuprolide acetate (LA) dose, no increased risk of a premature luteinization and no evidence of ovulatory events occurred. Subsequent studies have found improved outcomes among those receiving MDF, but evaluations have been limited primarily to those with a suspected poor response to gonadotropin stimulation (9) (10) (11) (12) .
Data comparing MDF and LL among normal responders remains limited as the majority of centers use LL protocols for pituitary down-regulation in this population. Our group previously reported that among women <40 years, MDF use resulted in similar clinical pregnancy rate per retrieval. However its use was associated with a significantly higher cycle cancellation rate when compared to LL (22.5% vs. 8.2%; p=0.032) (13) . This study was confounded by an assignment bias favoring MDF use among women suspected of being at increased risk of cycle cancellation. Additionally, the age distribution preferentially included older women in the MDF group. Notably, as with previous experience with MDF, the study cycle cancellations were not found to be the result of premature luteinizing events suggesting that cancellation, in part, occurred due to ovarian reserve and age-related effects.
The suggestion of comparable clinical pregnancy outcome and cost-containment considerations (MDF uses a fraction of the total LA required for LL cycles) have led us to use MDF in a broader population. Consideration of this study population provides a unique opportunity to add to the limited outcome data regarding MDF use in the general ART population. Therefore this investigation was aimed at comparing cycle outcomes among good prognosis ART patients receiving either MDF or LL.
Materials and Methods

Study population
Cycle data for the Walter Reed Army Medical Center ART program from January, 1999 to December, 2005 were evaluated. To reduce the impact of age, oocyte quality, and multiple cycles on outcome, women ≤30 years undergoing their first, autologous ART cycle were selected for analysis. Patients were excluded if age >30 years or if not the first ART cycle. Oocyte donation cycles were not included in this cohort as no donation cycles are performed at our institution.
Simulation protocol
For purposes of scheduling, both groups were pre-treated with OCPs (Lo-ovral; Wyeth Pharmaceuticals, Collegeville, PA) for the cycle preceding ovulation induction. Stimulation protocols and initial gonadotropin starting doses were selected by the treating physician prior to beginning OCPs based on pre-cycle screening. Factors considered in the determination of the treatment protocol and starting dosages included diagnosis, day 3 FSH, antral follicle count, and ovarian volumes.
Gonadotropins administration included a combination of recombinant follicular stimulating hormone (rFSH) (Gonal-F; EMD Serono, Rockland, MA) and human Menopausal Gonadotropins (hMG) (Repronex; Ferring Pharmaceuticals, Suffern, NY) given twice daily. A baseline serum E 2 and ultrasonographic assessment were performed to verify ovarian quiescence for both groups. The LL group was treated with leuprolide acetate (LA; TAP Pharmaceuticals, Deerfield, IL) that started with subcutaneous (SC) LA 1 mg/day on cycle day (CD) 21. OCPs were continued for 5 days after the initiation of LA. After receiving LA for 10-14 days, these patients underwent a screening ultrasound and E 2 assessment. Provided that ovarian function was adequately suppressed, the LA dose was reduced to 0.25 mg/day and gonadotropin administration commenced 3 days later. The day of gonadotropin start was defined as stimulation day 1. The MDF group was treated as described by Leondires et al. (13) . Briefly, pre-treatment OCPs were discontinued after the baseline ultrasound and E 2 . Two days following the discontinuation of OCPs, patients began LA 40 μg SC every 12 hours. Gonadotropin administration began the following day which was defined as stimulation day 1.
As per our clinic's standard, throughout stimulation the response to gonadotropins was monitored using serial E 2 measurements and TV ultrasonography for follicular number and size. Regardless of pituitary down-regulation protocol, once at least 2 follicles reached ≥16 mm, 10,000 IU human chorionic gonadotropin (hCG; Novarel; Ferring Pharmaceuticals, Suffern, NY) was administered. Oocyte retrieval was performed 34-36 hours later and embryo transfer occurred at 72 or 120 hours post-retrieval depending upon the quality of the embryo cohort. The embryo transfer was performed using the Edward-Wallace Catheter (SIMS Portex Ltd, Kent, UK) under direct ultrasound guidance. Luteal phase support was with 50 mg progesterone in oil intramuscularly daily.
Data collection and definitions
Institutional review board approval was obtained prior to data collection. Data was collected by a retrospective review of electronic and hard copy patient records. Primary variables included implantation, spontaneous abortion, biochemical, ongoing pregnancy and live birth rates. Biochemical pregnancies were defined as a serum quantitative βhCG > 10mIU/ml on post retrieval day 14 in which an ultrasonographically visible pregnancy was never visualized and were not considered as implantations or as pregnancies. A TV ultrasound was performed at 6-7 weeks gestation to determine sac number and viability. For purposes of the analysis, clinical pregnancies were determined by the presence of a gestational sac with a fetal pole having cardiac activity on transvaginal ultrasound and excluded spontaneous abortions. Live birth data was available for this cohort. Implantation rate was the number of gestational sacs per number of embryos transferred. Secondary variables included both pre-cycle and in-cycle assessments. Pre-cycle data including age, day 3 FSH, total antral follicle count, and SART diagnosis were assessed. In-cycle measurements evaluated included stimulation day 6 E 2 , peak E 2 , total gonadotropins received, total follicles developed, total oocytes retrieved, total mature oocytes, and cycle cancellation.
Statistical analysis
The sample size was determined by the study interval. Cycle characteristics and outcomes were evaluated using t-test and chi-square as appropriate. Linear mixed models were used for multivariable analysis of continuous outcome data; generalized estimating equations were used for modeling binary outcomes (SAS 9.1; SAS Institute, Cary, NC). These models utilized robust standard errors to account for the potential effects of non-independent, or correlated, data such as having multiple embryos transferred per cycle. As treatment was non-randomly assigned, multivariable models were specified to address potential confounding by indication; important predictors of treatment were included as covariates in multivariable models to address this concern. In-cycle measurements were not considered as potential outcome confounders as these observations followed treatment assignment and, as such, are likely on the causal pathway from treatment to outcomes.
Results
Of the 499 patients who met inclusion criteria, 287 received LL and 212 were treated with MDF. Although the cohort was limited to those ≤30 years, there was an age discrepancy of 1.3 years between groups (p<0.0001) ( Table 1 ). Moreover day 3 FSH concentrations also differed between LL and MDF groups (6.0 and 6.9, respectively; p<0.0001). Total antral follicle count was lower among those in the MDF group (MDF: 15.7, LL: 17.7; p=0.04). The incidence of the etiology of infertility differed between groups as the LL group had more ovulatory dysfunction (19.9% vs. 5.2%) while MDF had more unexplained infertility (15.7% vs. 5.6%; p<0.0001), reflecting a bias towards assigning these diagnoses to the respective treatment regimens. However, patients in both groups received similar amounts of gonadotropin at cycle start (LL: 3.8 amps/day, MDF: 4.0 amps/day; p=0.10) with a similar starting dose range (LL: 1.5-6 amps/day, MDF: 2-8 amps/day).
In-cycle data is presented in Table 1 . There were no differences between groups with regard to days of stimulation, stimulation day 6 E 2 , peak E 2 , total oocytes retrieved, total mature oocytes, and moderate to severe ovarian hyperstimulation syndrome (OHSS) risk. A total of 50 (10.0%) cycle cancellations occurred in this cohort and no cancellations were due to premature luteinization. Overall, however, there were no differences in cycle cancellations observed between groups (LL: 9.2%, MDF: 10.3%; p=0.60). Unadjusted results revealed that the MDF group used 6 more ampules of gonadotropins than were required by those in the LL group (MDF: 39.9 ampules, LL: 33.9 ampules; p<0.0001). Models adjusting for potential confounders (age, day 3 FSH, antral follicle count and diagnosis) suggested less of a difference in gonadotropin requirement; yet the remaining difference did approach statistical significance (LL: 35.5 ampules, MDF: 37.9 ampules; p=0.052).
In models of treatment effect on outcome unadjusted for potential confounders, the implantation rate was 39.2% for LL and 34.5% for the MDF group (p=0.23) ( Table 2 ). There were no significant differences between groups with regard to cycle outcomes including biochemical pregnancy, spontaneous abortion and clinical pregnancy rates. There was a 50% live birth rate in the LL cohort and 46.6% live birth rate among those undergoing MDF down-regulation (p=0.49). The unadjusted clinical pregnancy rate was higher among those undergoing LL down-regulation than those receiving MDF, although estimates were statistically non-significant (56.0% vs. 53.6%, respectively; p=0.60) Factors identified as predictors of treatment (age, day 3 FSH, antral follicle count and diagnosis) were included in multivariable models to control for confounding by indication for treatment. In these models, differences between the groups tended to be smaller, and remained statistically non-significant. After adjustment, the cycle cancellation rate was lower in the MDF group (7.2%) compared to the LL group (9.3%), although this difference remained statistically nonsignificant (p=0.36). The implantation rate after accounting for confounding factors was 37.7% for the LL group and 36.0% among those undergoing MDF (p=0.75). Clinical pregnancy rates were not substantially altered by adjustment, and the adjusted group difference was not significantly different between the groups (LL: 56.0%, MDF: 53.2%; p=0.60). Similarly, adjusted rates for SAB and for live births were not greatly affected; the adjusted rate of SAB was 4.8% in the MDF group and 3.8% among those receiving LL (p=0.37), while live birth rate was 50.3% in the LL group and 46.6% in the MDF group (p=0.47).
Discussion
The objective of this study was to evaluate the use of the MDF protocol among young, presumably normal responding patients as there has been a paucity of data available in this study population. Previously, our group had reported results suggesting that MDF could be effectively utilized among more than just the standard poor responding patients. (13) With the cost advantage of down-regulating as many as 30 patients with the amount of LA required to down-regulate each LL patient, MDF has been routinely used in our program including among expected normal responders. This present study was undertaken to evaluate longer term data on a larger cohort of patients and to ensure that our current practice was sound.
Our group's previous report of women under age 40 utilizing MDF down-regulation was underpowered to detect a statistically significant difference in pregnancy outcome between treatment arms. The cancellation rates were significantly different between groups (MDF: 22.5%, LL: 8.2%; p=0.032). A notable limitation of previous work was the propensity to include older women with suspected poorer responses in the MDF group, creating selection bias which may have explained the higher cancellation rates.
In order to address the potential bias on estimates due to age-related discrepancies between the LL and MDF groups, we restricted our cohort to those with the most favorable predicted response (e.g. ≤ 30 years of age). Furthermore, the influence of multiple cycles was reduced by including only first cycle data, thus limiting the impact of prior cycle information. In the current investigation we found no differences between patients assigned to LL and those assigned to MDF among most in-cycle characteristics, including serum E 2 levels, number of oocytes retrieved, cycle cancellation rates and OHSS risk. This was significant as one might have expected E 2 levels or number of oocytes retrieved to have been increased in the MDF group given the "flare" effect. Moreover while we observed small non-significant group differences in terms of implantation and clinical pregnancy rates, our data confirms that previously reported differences in the cycle cancellation rates were likely due to patient selection and not due to intrinsic properties of the MDF down-regulation protocol. Ultimately, our findings suggest that among normal responding patients, MDF may result in similar cycle outcomes when compared to those undergoing the LL protocol.
Despite the advantage of excluding women older than 30 in our cohort, there were limitations related to the retrospective study design. Treatment assignment was non-random and there were statistically significant differences between groups regarding age at cycle start, day 3 FSH, total antral follicle count, days of stimulation and total ampules of gonadotropins administered. These differences were diminutive and of limited clinical importance. For example, there is no evidence that women 29 year-old would have poorer ART outcomes than a 27 year-old woman. Likewise, a day 3 FSH of 7 would be no more predictive of success than a FSH of 6. Moreover, in our cohort the mean total antral follicle count of those assigned to LL was statistically significantly different from that of the MDF (LL: 17.7, MDF: 15.7; p=0.04). Yet data from previous studies would suggest that these differences observed were immaterial and would not impact ART cycle outcome (14, 15) . Nevertheless, we accounted for the treatment group discrepancies through the use of multivariate modelling and, as expected, noted little impact of these variables on adjusted cycle outcomes.
As reflected by the proportion of patients receiving a starting dose of ≤ 3 ampules/day of gonadotropin (LL: 26%, MDF: 24%), there was a significant proportion of patients in each group expected to have an adequate response. Nevertheless, there was the propensity to include those with idiopathic infertility and to exclude those with ovulatory dysfunction in the MDF group. In total, this reflects a tendency in treatment assignment toward including those with a suspected lower response to the MDF group. It was not altogether surprising to find, then, that more ampules of gonadotropins were used in the MDF group. Patients with expected poorer response were simultaneously allotted to MDF and received higher doses of gonadotropins at the cycle outset. As these factors might have influenced cycle outcomes, these imbalances represent potential confounding by indication. We addressed this by the inclusion of these factors as terms in multivariable regression models. To whatever extent the adjustments were inadequate in accounting for the imbalance, observed differences in outcomes due to treatment were overestimates for which the factors leading to treatment assignment were in part responsible.
One criticism of the use of flare protocols has been that significantly increased serum progesterone levels may occur during the early follicular phase which may exert a negative impact on cycle outcome (2) . Yet it appears that microdose GnRH-a administration may have little effect on serum progesterone levels, even following OCP pre-treatment (16) . In our program, neither LH nor progesterone levels are routinely drawn. However if the clinical presentation suggests premature luteinization, progesterone assessment was performed. In this study there were no cycles cancelled for a premature LH surge and there was no biochemical evidence that such event occurred. Moreover if there were detrimental premature luteinization effects related to the use of MDF, a lower implantation rate would be expected. In our data, we observed a slight decrement in implantation rate among MDF-treated patients that was not statistically significant, suggesting that if any such effect were occurring, the impact would be small.
In conclusion, the use of MDF in patients under the age of 30 who were pre-treated with oral contraceptive pills produced similar cycle characteristics and pregnancy outcomes when compared to LL. Further consideration should be given to MDF use in good prognosis patients. 
